On the probability that kidneys are different in autosomal dominant polycystic disease  by Gardner, Kenneth D. et al.
Kidney International, Vol. 42 (1992), pp. 1199—1206
On the probability that kidneys are different in autosomal
dominant polycystic disease
KENNETH D. GARDNER JR., JANET S. BURNSIDE, BETTY J. SKIPPER, SUZANNE K. SWAN,
WILLIAM M. BENNETT, BRET A. CONNORS, and ANDREW P. EVAN
Departments of Medicine, and Family and Community Medicine, University of New Mexico School of Medicine, Albuquerque, New Mexico;
Department of Medicine, Oregon Health Sciences University, Portland, Oregon; and Department of Anatom, Indiana University Medical
Center, Indianapolis. Indiana, USA
On the probability that kidneys are different in autosomal dominant
polycystic disease. We hypothesized that highly variable cyst fluid
sodium concentrations are a characteristic of every kidney in autosomal
dominant polycystic kidney disease (ADPKD). We added our data on
sodium concentrations in 124 fluids from ten ADPKD kidneys to data
published by others of concentrations in 32 fluids from five kidneys. The
values ranged from 3 to 207 mEq/liter; none fell between 59 and 74
mEq/liter. Fluids were designated as low (< 60 mEq/liter; 50 fluids) or
high (> 60 mEq/liter; 106 fluids) sodium fluids. Transmission electron
microscopy identified differences in the depths of apical tight junctions
between cells from cyst walls of 12 of the low and 10 of the high sodium
fluids from two kidneys (mean SE depths of 2039 74 A vs. 386 18
A respectively; P < 0.0001). When fluids were grouped by kidney of
origin, six of the 15 kidneys had only high sodium fluids. The probability
that chance had led to the sampling of only high sodium fluids in these
organs, given that 32% of all fluids were low sodium fluids, was
calculated at < 0.00015. The possibility must be considered that all
kidneys are not alike in ADPKD.
Scattered through literature on autosomal dominant polycys-
tic kidney disease (ADPKD) are reports of kidneys whose
cysts, when sampled, have only high sodium fluids. Case I of
the Bricker and Patton [I] series had seven cysts, all with
sodium concentrations above 141 mEq/liter. Wickre and Ben-
nett [2] described a single subject in which all of five fluids from
the right and all of four fluids from the left kidney had sodium
concentrations that exceeded 140 mEq/liter. Excluding indeter-
minant (sic) cysts, Huseman and his colleagues [3] documented
one among eight kidneys and Elzinga and coworkers [41 two of
eight kidneys in which sodium concentrations in all of the cyst
fluids examined were near those of plasma.
Sodium concentrations usually vary widely among the cysts
of most ADPKD kidneys, from I or 2 to more than 200
mEq/liter [4—9]. The few kidneys reported to have exclusively
high sodium cysts are exceptions to the rule. They give rise to
an important question. Are they different from other ADPKD
kidneys or has chance distorted the sampling process to the
extent that only high sodium cysts are sampled when both high
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and low sodium cysts are present? An answer to this question is
of more than academic importance. Were different polycystic
kidneys to have different features, it would be necessary to
revise currently popular concepts relating to the pathogenesis
[10], genetics [11] and diagnosis [12] of ADPKD.
In the study described here we asked whether all kidneys are
alike in ADPKD. From our own and published experience, we
sought ADPKD kidneys in which sodium concentrations had
been measured in five or more cyst fluids per kidney. Our
analysis of data on 156 fluids from 15 kidneys indicates a less
than one in six thousand chance that sampling error accounts
for the exclusively high sodium fluids that are aspirated from
the cysts of some ADPKD kidneys. The possibility must be
considered that all kidneys are not alike in autosomal dominant
polycystic disease.
Methods
Fluids
ADPKD kidneys were sought in which sodium concentra-
tions had been measured in five or more cysts. Available
English literature was reviewed. Five kidneys and 32 fluids
were found [1, 2, 7]. Ten additional kidneys were available from
our laboratories. In 87 fluids from seven kidneys previously
reported [6, 8] and in 37 fluids from three previously unreported
kidneys (Table 1), sodium concentrations had been measured
by flame photometry, either in a research (KG) (Instrumenta-
tion Laboratory, Boston, Massachusetts, USA) (Subjects 5 and
11) or commercial laboratory (Clinical Pathology Laboratory,
University of New Mexico Hospital, Albuquerque, New Mex-
ico). Osmolalities and concentrations of creatinine had been
analyzed by the commercial laboratory.
Tissue
Microscopists (BC and AE) were blinded to the results of
sodium analyses. Approximately one-centimeter pieces of cyst
wall, matched to the fluids from their lumens, were available
from two of the previously unreported cases of ADPKD (Sub-
jects 2 and 10, Table 1). Each piece was excised from a separate
cyst at the time of a surgical deroofing procedure and immedi-
ately immersed in chilled 2.5% glutaraldehyde buffered with 0.1
M cacodylate-HCI (pH 7.4). All samples were placed in a
refrigerator overnight. The following day, each sample was
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Table 1. Demographics and probabilities
Subject
Reported
elsewhere?
[Ref no.1 Sex
Age
years
Sr
mg/dl
Cysts
studied
Low
sodium
cysts
Probability
of tapping
only high
sodium
cystsN
I Yes [6] M 39 1.3 9 4 0.03088
2 No M 36 8.6 l7 12 0.00140
3 Yes [61 M 46 5.6 9 4 0.03088
4 Yes [6] M 38 6.0 18 7 0.00095
5 Yes [8] M 32 6.9 13" 3 0.00658
6 Yes [6] F 43 2.5 25 15 0.00006
7 Yes [I] NSC 34 1.4 8 1 0.04544
8 Yes [7] NS' NSC 1.4 7 2 0.06688
9 Yes [7] NSC NSC 1.3 6b 2 0.09842
10 No M 40 5.3 8 0 0.04544
11 No F 42 7.2 12" 0 0.00969
12 Yes [6] F 31 0.8 8 0 0.04544
13 Yes [6] M 54 4.9 5 0 0.14485
14 Yes[l] NSC 30 1.4 6 0 0.09842
15 Yes [2] F 28 1.0 5 0 0.14485
Totals 156 50 0.77018
a Cyst walls availableb Ex vivo kidney
C Not stated
placed in fresh fixative and returned to the refrigerator for at
least one week of additional fixation. Thereafter, each one-
centimeter piece was divided into two equally sized specimens
with one portion directed to scanning electron microscopy
(SEM) and the other to transmission electron microscopy
(TEM).
Specimens to be processed for TEM were cut into blocks no
larger than 1 mm2 and post-fixed in 1.0% osmium tetroxide in
0.1 M cacodylate buffer for 1.5 hours. Thereafter, tissue was
stained en bloc using the procedure introduced by Karnovsky
[131. This procedure reveals both leaflets of the unit membrane
and thereby allows the site at the apical tight junction where the
outer leaflets converge to be defined. Subsequently, the tissue
was processed routinely, according to previously published
protocol [141.
General cell shape and phenotype were determined from
micrographs. To randomize the selection process, fields were
examined in sequence of their appearance on the viewing
screen (first up, first studied; second up, second studied, and so
on). Five or more fields per wall were surveyed. All visible cells
were included. Characteristics of mural cell types, shapes, and
ultrastructure were noted by TEM and SEM. Type, shape and
the presence of microvillae or microplicae were noted and
recorded for individual cells. Most cells were required to
possess mitochondria, basal infoldings, or lysosomes before
those characteristics were assigned to a given cyst. Cell shape
was considered squamous when cell height was less than cell
width, as cuboidal when cell height was similar to cell width,
and as columnar when cell height was greater than cell width.
Junctional analysis
It was critical to measure only those zonulae occludens
where the plane of sectioning had been perpendicular to the
longitudinal axis of the junctional complex. To assure that this
requirement for spatial orientation was met and that both unit
membranes of the complexes were clearly defined, mural cells
were viewed initially at a magnification of x2,800. Junctional
complexes sectioned through cell nuclei along a plane perpen-
dicular to apical and basal cell surfaces were identified. The first
five junctions that met these requirements were selected.
Photomicrographs were made of zonulae occludens at
x46,000 and were printed to final magnifications of x 129,000.
Linear depths of five tight junctions in each cyst wall were
determined by measuring (with a micrometer calibrated in
tenths of a micron) the distance from the luminal point where
the outer leaflets converged to the site distally where the outer
leaflets of the two unit membranes separated for each junction.
Values were averaged and reported standard error (SE) as
means for (a) cells and (b) walls from low and high sodium
cysts, respectively.
Statistics
Statistical analyses were performed by one of us (BS).
Standard methodology was used [15]. Binomial distribution,
based on the overall proportion of high sodium concentrations
and the number of fluids in a given kidney, was used to calculate
the probability that all fluids in each kidney would be high
sodium fluids. Probabilities for individual kidneys were
summed to yield the expected number of kidneys with exclu-
sively high sodium fluids. Observed and expected patterns of
high and low sodium fluids were compared statistically using a
procedure similar to that used to calculate Standardized Mor-
tality Ratio [16]. The applied null hypothesis was that the
observed number of high sodium kidneys would follow a
Poisson distribution with a mean equal to the expected number
of high sodium kidneys. A P value of < 0.05 was considered
significant.
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Fig. 1. Sodium concentrations of 156 cyst fluids from 15 ADPKD
kidneys, ranked in ascending order. The distribution suggests two
populations. Dashed line, passing through break in the continuum of
values, indicates the boundary used in this study to demarcate low and
high sodium fluids.
Results
Cyst fluid sodium concentrations
Sodium concentrations from 156 fluids were available. They
varied from 3 to 207 mEq/liter (Fig. 1). Their distribution was
not continuous. No values fell between 59 and 74 mEq/liter
(Fig. 1). Fluids were grouped around this break. Fluids with
concentrations less than 60 mEq/liter were designated low
sodium fluids, Those with concentrations greater than 60 mEqi
liter were designated high sodium fluids. The universe of 156
fluids contained 50 or 32% low and 106 or 68% high sodium
fluids.
Tissues
Walls from 15 and 7 cysts were available from the kidneys of
Subjects 2 and 10, respectively. Morphological differences in
the characteristics of epithelia from low and high sodium cysts
are listed in Table 2 and illustrated in Figures 2 and 3.
Morphology varied slightly to moderately among cells of the
same cyst but greatly among cells of different cysts. Necrotic
cells were rarely seen. Walls of high and low sodium cysts
differed significantly in their preponderant numbers of
squamous and cuboidal cells, apical microvilli, mitochondria,
lysosomes, and tight junction depths (Table 2, Fig. 4). Zonulae
occludens depth averaged 2039 74 A (N 60) versus 386
18 A (N = 50) between cells of low and high sodium cysts, and
ranged from means of 1339 247 to 2554 241 A versus 299
89 to 462 78 A in the walls of low (N = 12) and high (N = 10)
sodium cysts, respectively (differences between means for
both, P < 0.001, Student t-test, two tail).
Solutes and kidneys
Osmolalities were available for 102 (42 low and 60 high
sodium) fluids from nine subjects. Creatinine concentrations
and cyst fluid/plasma (CF/P) creatinine concentration ratios
were available for 87 (31 low and 56 high sodium) fluids. These
Table 2. Morphological characteristics of walls from high and low
sodium cysts (percent of cysts examined)
Cyst fluid type
High sodium Low sodium
Characteristic (% of 10) (% of 12)
Cell phenotype
Proximal 0 oa
Distal 0 oa
Intercalated 0 3Y
Principal 0 33
Undifferentiated 100 67C
Cell shape
Squamous 80 0d
Cuboidal 10 75C
Columnar 10 42
Membrane specialization
Apical microvilli 20 75b
Basal infoldings
Few 10 58
Elaborate 10 25
Organelles
Mitochondria
Few 80 l7
Many 10 83<'
Lysosomes
Few 80 8C
Many 20 92C
Zonulae occludens
Fusion depth <500 m
Fusion depth > 500 m
100
0
0"
100"
a Not different from high sodium, Chi square (1 DF), Yates correctionb Different from high sodium, Chi square (1DF), Yates correction, P
<0.05
C Different from high sodium, Chi square (1 DF), Yates correction, P
<0.01
<'Different from high sodium, Chi square (IDF), Yates correction, P
<0.001
values, together with those of cyst fluid sodium concentrations,
are charted by subject in Figure 5.
High and low sodium fluids were present together in nine of
the 15 kidneys. The remaining six kidneys, hereafter designated
high sodium kidneys, contained cysts with only high sodium
fluids (Fig. 5A). No kidney in the series contained only low
sodium fluids.
Cyst fluid osmolalities averaged 285 8 and 312 6
mOsmlkg water in low and high sodium fluids respectively (P <
0.003, Mann-Whitney U test). CF/P creatinine concentration
ratios correlated negatively with those of sodium (y = 51.291 —
0.269x; r 0.633; P <0.001). They averaged 4.17 1.58 in high
versus 16.02 3.48 in low sodium fluids (P of difference < 0,01,
Student t-test). They were significantly greater than unity in
both groups (high sodium fluids: P < 0.02; low sodium fluids: P
<0.01, Student t-test). Osmolalities and CF/P creatinine ratios
varied among subjects, within kidneys, and between high and
low sodium fluids (Fig. 5 B and C).
Statistical analyses
The calculated probabilities of encountering only high sodium
cysts in each kidney, given the numbers of cysts examined and
a universe that contained 32 percent low sodium fluids, are
shown for each of the 15 kidneys in Table 1. The total of these
probabilities is 0.77018. This number represents the number of
0 40 80 120
Fluid number
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Fig. 2. Cells that line cyst walls. Cell features are shown by TEM in panels A, C, and E and by SEM in panels B, D, and F. Variations are
noteworthy. Squamous cells (A and B) are attenuated in shape and possess few organelles. Cuboidal cells (C and D) show cell surface
specialization, especially basal infoldings, and wide variation in the number of organelles. Columnar cells (E and F) show apical and basal surface
specialization, e.g., the microplica noted on several intercalated-like cells (IC) (E). All cyst wall cells rest on thickened basement membranes (BM).
Junctional regions of apices are marked by arrows. (A, C, and E: x2,800; B, D, and F: x2,000)
11II& jdVt Ar A
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Fig. 3. Apical tight junctions of cells from the walls of high (A) and low (H) sodium cysts. Depths ofjunctions (that surface along which the outer
leaflets of the plasma membrane are fused) were determined by measuring distances between points indicated by arrows. Five measurements from
each cyst were averaged and recorded as mean tight junction depths. In previous studies by other workers, deeper junctions have been considered
indicative of less permeant cyst walls [5, 7, 20] (A and B: > 129,000).
0 50 100 150 200
high sodium kidneys that was expected in our series. In
actuality, we encountered six high sodium kidneys—a skewing
of distribution that departs significantly from the expected
(Poisson distribution; 6.0 Observed/0.770l8 Expected; P =
0.00015, one tail).
Values for sodium concentrations, osmolalities, and CF/P
creatinine concentration ratios varied widely, even among the
cysts of kidneys with only high sodium fluids (Fig. 5). Sodium
concentrations varied around means by 1.0 0.4% (Subject 15)
to 100.0 8.3% (Subject 6); osmolalities from 0.6 0.1%
(Subject 5) to 21.8 2.0% (Subject 2); and CF/P creatinine
ratios from 6.3 2.2% (Subject 3) to 148.2 59.4% (Subject 9).
Percents variation were significantly greater than zero for each
parameter in every kidney save for those of the CF/P creatinine
concentration ratios of Subjects 3 and 15 (Fig. 5).
No statistically significant relationships (Mann-Whitney U
test) were found between the presence of high sodium kidneys
and subjects' ages (N = 13; Z = —0.143; P = 0.89), serum
creatinine concentrations (N = 15; Z = —0.236; P = 0.814), or
the number of cysts examined in each kidney (N = 15; Z =
—1.65; P = 0.1).
Discussion
We used inferential statistics [15] to test the hypothesis that
all ADPKD kidneys contain high and low sodium Cysts. Our
results indicate that the hypothesis is improbable. This outcome
is surprising and deserves analysis.
Any one of four sampling errors could have prejudiced the
study. All seem unlikely. First, diseases other than ADPKD
might be represented in the series. However, cases were drawn
from several centers and represent the collective experience of
numerous authorities (Table 1). Given its diverse sources, it is
not likely that the series is an admixture of dominantly-inherited
renal cystic diseases. Second, isolation of kidneys from the
circulation might allow cyst and body fluids to equilibrate,
thereby changing the pattern of cyst distribution that had
existed in vivo. However, of the six high sodium kidneys in our
series, only one was ex vivo when cysts were aspirated (Subject
11), while high and low sodium cysts were found in two
additional ex vivo kidneys (Subjects 5 and 9, Table I).
Third, high sodium cysts might be more common at the renal
surface, or larger, and be encountered and aspirated before low
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Non-sampling errors also might have biased study outcome.
Critical among them were the requirement that a kidney have
five or more cysts, the manner in which results were inter-
preted, and the way in which high and low sodium cysts were
defined. It may seem erroneous to draw conclusions from the
study of five cysts when the late-stage polycystic kidney
contains thousands. Our analysis, however, is defensible on the
following grounds: Our evaluation utilized statistics (distribu-
tion probabilities) that assessed events, not integers [15]. The
expected outcome, namely sequences of exclusively high so-
dium fluids, was specified in advance. Accordingly, the proba-
bility value of 0.00015 that was derived from the information in
Table I indicates the frequency with which the pattern of
outcomes might be encountered by chance, given any opportu-
nity to collate the results of 15 sets of 5 to 25 trials with
outcomes weighted 68:32 in favor of one over the other, such as
tossing a coin weighted in favor of heads. The pattern would
repeat once in every 6,667 similar trials (1.0/0.00015). Remote-
ness of the possibility that the pattern of events portrayed in
0 2 4 6 8 10 12 14 16 Table 1 was a chance encounter is the basis for suspicion that
_________________________
_________________
polycystic kidneys are different.
The requirement that kidneys have at least five fluids was not
capricious but was predicated on the fact that chance would be
minimized as a determinant of a sequence of high sodium fluids
when five or more fluids (trials) were available. Expressed
mathematically, our reasoning was as follows: (l/2) or 1/32; P
________________________________________
= 0.03 125, that is, <0.05, the level of probability specified for
significance in this study. A level of P < 0.05 could not be
achieved with four, that is, (1/2) or 1/16, P = 0.0625 or fewer
fluids. A probability of < 0.03, obtained by requiring more
fluids, was not a stipulation. Finally, it is precisely the fact that
thousands of cysts are present but few are examined that makes
sampling the distribution of outcomes a practical venture in
ADPKD [15]. If few cysts were present and most were sampled,
the odds of randomly encountering high sodium fluid would
change with each aspiration. With "countless" cysts present,
odds change but little with each aspiration, and calculation of
outcome probability requires only that outcome proportion and
not the total number of possible trials be known [15]. To
conceptualize these facts, it is helpful to consider a study of
outcomes using white and black marbles. Removal of one white
marble from a set of six white and three black marbles dimin-
ishes the odds of successively drawing a second white marble
from 2/1 to 1.7/1, that is, by 15%. Removal of one white marble
from a set of 6,000 white and 3,000 black marbles changes the
odds of successively drawing a second white marble from 2/1 to
1.9997/I, which is a change too small to appreciably alter the
initial 2/1 odds.
The N = 5 prerequisite led us to exclude five kidneys and 12
fluids [1, 2, 7]. With their omission, we avoided debate over
whether kidneys with one [7] or two [1, 7] fluids should have
been added. Had the five kidneys and 12 fluids been included in
our analysis (Table 1), its outcome would have remained
significant (P < 0.001).
In the literature, no convention is followed in the designation
of cysts by sodium concentration. Eckardt et al selected a
concentration of 100 mEq/liter to distinguish gradient from
non-gradient cysts [9]. Elzinga et al applied concentrations of
less than 20, 20 to 100, and greater than 100 mEq/liter to
0 2 4 6 8 10 12 14 16
Subject (number)
Fig. 5. Cyst fluid sodium concentrations (A) and osmolalities (B), and
cyst fluid-to-plas,na creatinine concentration ratios (C) in high (o) and
low (+) sodium cysts, charted by individual subject (kidney). Vertical
dashed lines separate high/low (left) from high (right) sodium kidneys.
Subjects are ordered as in Table 1.
sodium cysts. Such bias would make high sodium cysts more
likely when fewer cysts were sampled. Two studies have failed
to show a relationship of cyst type to cyst location in ADPKD
kidneys [1, 8]. We found no statistical relationship between the
number of cysts aspirated and the frequency of high sodium
kidneys. Five subjects (1, 3,7—9) with both high and low sodium
cysts had fewer cysts aspirated than one subject (12) with
exclusively high sodium cysts (Table 1).
Fourth, if they represent the more aged or less functional
type of cyst, high sodium cysts might be more common in older
or more azotemic individuals. We found no statistical relation-
ship between the presence of high sodium kidneys and either
subjects' ages or the severity of azotemia, as reflected by serum
creatinine concentrations. Kidneys with high sodium cysts
occurred in the youngest and oldest subjects (Subjects 15 and
13) and in the least uremic (Subject 12, Table 1). Data were not
sufficient to permit gender, hepatic cysts, intracranial aneu-
rysms, mitral valve prolapse, positive family history [12, 171,
drug history, for example, diuretic exposure, or the like to be
assessed in relation to cyst or kidney type.
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categorize fluids from three groups of cysts: gradient, non-
gradient, and indeterminant [4]. Huseman et al used CF/P
sodium ratios of less than 0.4, 0.4 to 0.8, and 0.8 to 1.2 to
designate distal, indeterminant, and proximal fluids, respec-
tively [3]. Cuppage et al applied the same criteria [7]. We chose
60 mEq/liter because the continuum of our values was inter-
rupted between 59 and 74 mEq/liter (Fig. 1).
Other studies report few sodium concentrations between 50
and 80 mEq/liter. In the series of Eckardt et al [9], one of 357
fluids from 18 kidneys had a sodium concentration between 70
to 80 mEq/liter. None of 20 fluids from five subjects reported by
Cuppage et al [7] had sodiums between 57 and 115 mEq/liter.
Only one of the 271 fluids from eight subjects analyzed by
Huseman et al [3] had a CF/P sodium ratio between 0.4 and 0.5.
In search of an objective basis to justify our criterion for
grouping fluids, we opted for the examination of cyst wall
structure, admittedly of walls accessible to the surgeon but
from kidneys that were in situ and not cx vivo. In a series
similar in scope to our own, Cuppage and coworkers had
studied 20 fluids and walls from five ADPKD kidneys, and had
shown that epithelia surrounding proximal (high sodium) cysts
was smoother, lower, and more permeable to lanthanum than
was the epithelia of distal (low sodium) cysts [7]. We incorpo-
rated measurements of zonulae occludens depths into our
assessment in order that numerical data might be available for
statistical analysis. While cell shape and mitochondrial preva-
lence also distinguished high from low sodium cysts with a high
degree of significance, zonulae occludens depth proved to be
the most critical discriminant in our hands (Fig. 4, Table 2). All
of the shallowest tight junctions were found in the walls of high
sodium cysts. This observation supports the earlier conclusion
of Cuppage et al [7] that the epithelial layer is important in
determining the composition of cyst fluid.
We were surprised that the literature contained so few studies
whose data were eligible for inclusion in our analysis. Several
reports described kidneys from which fewer than five cysts
were analyzed [1, 2]. One study did not report data in relation
to individual kidneys [9]. A second did not report data as
absolute sodium concentrations but as cyst fluid-to-plasma
ratios [3]. Three studies did not list individual sodium concen-
trations but did catalog cyst type by kidneys [3, 4, 9]. One of
them [3] presents its findings in numbers sufficient to assess cyst
distribution with the method described above (Table 1). Anal-
ysis of these independently derived data supports our observa-
tion. Huseman et al, excluding their indeterminant cysts (17 of
271), reported that 183 proximal (high sodium) and 71 distal
(low sodium) fluids were distributed among 8 kidneys in a
pattern that predicts only a fraction of one (0.004) high sodium
kidney [31. The series, however, included one whole high
sodium kidney (18 fluids measured). The difference between
0.004 expected and 1.0 observed in the group of eight kidneys is
significant (P < 0.0037).
We did not inquire into the reason(s) that fluids might be
different in cysts with different walls. Such differences are not
unique to the kidney, however. Breast cyst fluid varies in
relation to epithelial type, the fluids with higher sodium con-
centrations coming from cysts with the lower and less structur-
ally complex epithelia [18, 19]. It is long recognized that the
shallow, single "kiss" junction possesses only one junctional
strand when viewed by freeze fracture and is physiologically
"leaky" [201. In contrast, deep tight junctions have five or more
interconnected strands and are physiologically "tight" [20]. In
the normal kidney, the shallow single "kiss" type of junction is
characteristic of cells of the proximal tubule and the ascending
limbs of the loops of Henle, while deep junctions are a charac-
teristic of cells along the distal nephron, in particular collecting
ducts [20]. As do other workers [7, 18], we suspect that
differences in the functional and permeability characteristics of
mural cells are responsible for differences in cyst fluid compo-
sition.
In ADPKD high sodium cysts with their shallow tight junc-
tions do not appear to be degenerate and freely permeable sacs.
Evidence more direct than subject age (representing duration of
disease) and azotemia (representing severity of disease) is
available. Differences existed within individual kidneys among
cyst fluid sodium concentrations, osmolalities, and CF/P creat-
mine concentrations (Fig. 5). Scatter exceeded accepted labo-
ratory proficiency [21] and was statistically significant. Gradi-
ents among cysts in the same kidney and between cysts and
plasma in the same person would not exist were cyst walls
freely permeable to sodium, water, or creatinine. They indicate
failure of equilibration, and in turn imply that the walls of even
high sodium cysts retain finite permeabilities and metabolic
activities [7].
Why different patterns might exist in the distribution of cysts
among ADPKD kidneys is conjectural. ADPKD is a heritable
disorder, associated with mutated genes located on and off of
chromosome 16 [11, 22, 23]. The expression of one might give
rise to formation of high sodium (permeant or proximal) cysts
while that of a second might lead to the formation of low sodium
(impermeant or distal) cysts. Or, one mutated gene might
induce both high and low sodium cyst formation while the
second might cause only high sodium cysts to form. A mutated
gene might alter the intrarenal inflammatory response in such a
way as to favor destruction of the walls of some nephronal
segments, leading to cyst formation in a less direct manner [5,
6]. The mammalian inflammatory response is under genetic
control and is active in ADPKD kidneys [6]. Were a genetic
influence responsible, symmetry of cyst type might be expected
between the two kidneys of an affected person. High sodium
cysts were present bilaterally in the case described by Wickre
and Bennett [2]. One cyst was examined from the contralateral
kidney of our Subject 11 and was, like the others, high sodium.
No report was found of an individual in whom the patterns of
cyst type differed between kidneys.
Renal cyst type need not be a genetically directed phenome-
non. The high and low sodium cysts that occur in the breast [18,
19] are not thought to be genetically ordained. Heredity does
not seem to play a role in either the acquired renal cystic
disease of humans [24] or the induced renal cystic disease of
animals [5]. The cause of the former is unknown. Tubular cell
injury precipitates the latter [10].
The analysis described here is based on retrospective data.
Its inadequacies perhaps are several: asymmetric data; small
numbers; and reliance on methods and techniques that may
have changed with time. Cyst walls were examined to confirm
that we had defined high and low sodium cysts whose walls
differed in morphology (a difference documented in the study of
Cuppage et aI [7]). This facet of the study was not designed to
document overall differences in morphology among ADPKD
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kidneys. For that purpose, data gathered from the study of
more cyst walls from more than two kidneys would be required.
Should blinded, prospective inquiries prove that polycystic
kidneys are different, future studies would need to address cyst
type when tissue is obtained for in vitro cell culture studies
[25—27], to consider whether high or low sodium cysts might be
the more appropriate target of cyst decompression procedures
[5, 12, 28], and, perhaps most fascinating, to assess the possi-
bility that cyst patterns in ADPKD are under genetic control
[29—31].
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